Abstract-The effect of the endogenous prostaglandin E (PGE) level in the vascular wall on the vasoconstrictor response to noradrenaline (NA) was examined using the perfused central artery of an isolated rabbit ear. The endogenous PGE level in the ear artery was estimated from that in the venous perfusate, which was measured by radioimmunoassay.
Abstract-The effect of the endogenous prostaglandin E (PGE) level in the vascular wall on the vasoconstrictor response to noradrenaline (NA) was examined using the perfused central artery of an isolated rabbit ear. The endogenous PGE level in the ear artery was estimated from that in the venous perfusate, which was measured by radioimmunoassay.
Pretreatment with indomethacin, a cyclooxygenase in hibitor, was followed by a significant decrease in the PGE level and a significant increase in the vasoconstrictor response to exogenous NA. In addition, there was a significant correlation between the response to NA and the PGE level in the venous perfusate in combination with the results during perfusion of indomethacin and of PGE1 plus indomethacin, although the former did not correlate with the latter under the basal conditions alone.
From these results, it seems possible to draw the conclusion that as far as vasoconstrictor responsiveness is concerned, there is some antagonism between NA and endogenous and/or exogenous PGE in the rabbit ear artery.
It has been proposed that PGs are bio synthesized in vascular walls (1-4) and that they may play a physiological (5-7) as well as a pathophysiological role (8-12) in various vascular beds. In addition, it is generally accepted that exogenous PGE has an inhibitory effect on the vasoconstrictor response to pressor agents such as NA and angiotensin II (13-15). Since PGE, in contrast, is a vasoconstrictor under some conditions (14, [16] [17] [18] , it seems impossible to draw the conclusion that the endogenous PGE in the vascular wall exerts a constant inhibitory effect on the action of the pressor agents.
In the present study, the inter relationship between the response to NA and the endogenous PGE level reflected in the venous perfusate was examined in the rabbit ear artery.
Materials and Methods
Male rabbits weighing 2.0 to 3.0 kg were anesthetized with sodium amobarbital (1.0 mg/kg, i.v.) following injection of heparin (1000 U/kg, i.v.) into the marginal ear vein. In the experiment examining the effect of NA on the PGE level in the venous perfusate, the perfusates were collected for 2 min just before and following a bolus injection of NA. PGE levels in each perfusate were measured by radioimmunoassay.
Each sample of the perfusate obtained in every experiment was stored at -350C immediately following collection. Extraction of PGE in the perfusate was undertaken within one week according to a slight modi fication (20) of the method of Jaffe et al. (21) . Alkaline conversion of PGE to PGB was carried out according to the method of Levine (available in kit form, Clinical Assay Inc., Cambridge, MA), followed by a radio immunoassay for PGB using antiserum with a high specificity for PGB1 and PG B2. I n the present study, PGE concentrations in all the perfusate samples in the same experiment were determined in a similar manner at the same time. Recovery of PGE, through extraction, conversion of PGE, into PGB1 and identification amounted to 72±3% (mean±S.D.), and the mean intraassay precision for the perfusate sample was 10.5%.
The amount of PGE, escaping from inactivation and/or trapping in a single passage through an isolated perfused rabbit ear was examined in order to estimate the disappearance rate of PGE on the arterial side both in the presence and in the ab sence of angiotensin II. In this experiment, the PGE level in the venous perfusate was expressed as ng/min/10 g of a rabbit ear, and PGE, was used in a range of 2.0 to 9.0 ng/ml. Data analysis and statistics: In all the experiments except one, the vasoconstrictor response to NA was expressed as the change in the perfusion pressure in mmHg. In the experiment examining the relationship between the vasoconstrictor response to NA and the PGE level in the perfusate, the response to NA was expressed as a relative value (% control) of the response to NA, 10 to 100 ng, on the basis of a dose-response curve in which the dose and the response indicate ng of NA/g of wet wt. of a rabbit ear and change in vascular resistance (PVR), mmHg/ml'min-'
•g-', respectively. All the data were analyzed using Student's t-test, and a difference of P<0.05 was considered to be significant.
The (Fig. 2) . Fig. 2 . Correlation between the alteration in peri pheral vascular resistance induced by exogenous noradrenaline and the prostaglandin E level in venous perfusate. At first, a dose-response curve was drawn in which the dose of a single bolus injection of noradrenaline and the response to noradrenaline were represented as ng of exogenous noradrenaline/ g wet wt. of the perfused rabbit ear used in each experiment and the change in peripheral vascular resistance induced by a single bolus injection of noradrenalir e, i.e., PVR (mmHg/ml•min-1 •g-1 ), respectively. Following this, based on the dose response curve drawn, the % control of the response to noradrenaline (ordinate) was shown as a relative value of PVR to each dose of noradrenaline and was plotted against the prostaglandin E level (ng/ml) in the venous perfusate (abscissa).
Subsequently, the effect of NA on the PGE level in the venous perfusate was explored. In consequence, it was clarified that there was a significantly negative correlation (P<0.05, r=-0.543, n=14) between the dose of the applied NA and the change in PGE level in the venous perfusate (Fig. 3) . In this experiment, the change in PGE level (4PGE, ng/ml) was obtained by the sub traction of the PGE level just before the application of NA from that following its application.
Finally, the escape rate of PGE1 in a single passage through an isolated perfused rabbit ear was examined both in the presence and in the absence of angiotensin II, having the pressor effect under physiological and pathophysiological conditions. The escaping amount of PGE1 increased with a rise in the infused PGE1 concentration, and there was a significant positive correlation (P<0.001, r=0.974, n=1 5) of the former with the latter in the combination of the results in the presence of angiotensin II, 1.0 ng/ml, and those in its absence (Fig. 4) . In addition, since 61.7±11.8%
(mean±S.D., n=10) of the amount of PGE1 infused intraarterially at a range of 2.0 to 9.0 ng/ml was subjected to inactivation and/or trapping and the escaping rate of PGE, was approximately 40%, it seems that the PGE level i n the venous perfusate reflects the PGE level originating on the arterial side as well as on the venous side. Fig. 3 . Effect of noradrenaline on the prostaglandin E level in venous perfusate. Change in the pro staglandin E level (JPGE, ng/ml) indicates the difference between the prostaglandin E level in the venous perfusate just before the application of noradrenaline and that in the venous perfusate collected for 2 min following the application of noradrenaline. The dose of noradrenaline injected as a single bolus ranged from 10 ng to 100 ng. In this figure, the ordinate and the abscissa indicate JPGE (ng/ml) and dose of noradrenaline (ng/g wet wt. of a rabbit ear), respectively. Fig. 4 . Escape rate of prostaglandin E, from inactivation and/or trapping in a single passage through an isolated perfused rabbit ear. The ordinate and the abscissa indicate, respectively, the amount of prostaglandin E assayed ire the venous perfusate (ng/min/1 0 g of a rabbit ear) and the concentration of prostaglandin E, added to the normal Krebs solution (ng/ml). In this experiment, the venous perfusate was collected at approximately 30 min after the beginning of the perfusion with normal Krebs solution containing each concentration of prostaglandin E,.
Discussion
and lipoxygenase pathways exists in the vascular walls (1-4) . Among the metabolites of arachidonate, PGE2 and PG12, as vasodil ators, and PGF2a, thromboxane A2 and leukotrienes as vasoconstrictors, occur mainly in the vascular beds. Since there is a sex difference in the PGs levels in the vascular beds (12), the interrelationship between endogenous PGE as a vasoconstrictor and exogenous NA as a vasoconstrictor was examined using male rabbit ears alone in the present study. It is generally accepted that PGE directly and indirectly dilates vascular smooth muscles, the latter being done through a mechanism inhibiting the release of NA from the adrenergic nerve terminals (14, [22] [23] [24] . Approximately 0.3 ng/ml of PGE was detected in the venous perfusate. This concentration of PGE reflects the summation of the amount released from the arterial and venous sides, and this value would correspond to that in the venous perfusate, if approximately 0.75 ng/ml of PGE1 would be infused into the arterial side of a rabbit ear, because the escape rate of PGE1 from inactivation and/or trapping in a single passage through a rabbit ear is about 40% (Fig. 4) . Therefore, the indomethacin induced reduction in the PGE level in the venous perfusate (Fig. 1) reflects that in the endogenous PGE level in the arterial wall as well as that in the venous wall and results in an increase in the response to NA. Moreover, this conclusion is, at least in part, supported by a significantly negative cor relation between the response to NA and the PGE level in the venous perfusate, although the former did not correlate with the latter under the basal conditions alone (Fig. 2) . Accordingly, it is possible to speculate that a rising and falling of the endogenous PGE level in the vascular walls influences the response to NA. In the experiment examining the effect of NA on the PGE level in the venous perfusate, it was clarified that there was a significant negative correlation between the dose of NA and the alteration in the PGE level (JPGE) and that NA had biphasic effects on the PGE level; i.e., the higher dose of NA decreasing and, in contrast, the lower dose of NA increasing the PGE level (Fig. 3) . Based on several reports that PG synthesis in some tissues is elevated under appropriately hypoxic conditions, but if oxygen deprivation is so severe as to limit the availability of oxygen for synthesis, PG synthesis is, in contrast, inhibited (25) (26) (27) (28) 
